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摘 要 
花菁染料具备摩尔吸收系数大、荧光量子产率高、背景干扰小、可用于红区
-近红外检测等优点，因而其在分析测定中拥有较高的选择性以及灵敏度。花菁
作为性能优越的染料，它的系列衍生物在分子生物学以及分析化学等方面具有广
泛的应用，而基于花菁染料的探针的研究和应用也成为研究的热点之一。本论文
在前人研究工作的基础之上，以花菁染料作为母体，成功设计合成了三种分子探
针并应用于巯基氨基酸以及神经毒剂模拟物、三光气的分析检测之中。本论文共
分为四章。 
 
第一章，绪论。首先简要介绍有关光学分子传感器的基本概念以及设计原理；
其次概述了花菁染料的结构特点、性能特征以及应用研究；接着重点介绍了巯基
氨基酸、二乙基磷酰氯以及光气分子探针的研究现状及其发展前景；最后，总结
这些相关研究并结合本实验室的现有条件和工作基础，提出了本论文的研究设
想。 
 
第二章，基于巯基氨基酸的亲核取代反应机制，本章成功设计合成并研究了
含试卤灵取代基的七次甲基花菁探针作为巯基氨基酸的光学分子传感器的光谱
特性。首先，探针分子中的试卤灵基团被巯基氨基酸（GSH, Cys, Hcy）中的巯
基取代而产生硫代花菁, 并释放出试卤灵荧光团。继而，对于半胱氨酸/高半胱
氨酸（Cys/Hcy）而言，所形成的硫代花菁进一步发生分子内重排形成氨基花菁。
这导致探针分子表现出不同的光谱特性从而可以选择性地识别 GSH 和 Cys/Hcy 
这两类含巯基氨基酸。该探针检测灵敏度高，并且可以用于裸眼检测，又因其检
测的波长位于近红外区，将大大降低其他生物分子或基质背景的干扰。 
 
第三章，设计合成以酮花菁为母体，基于七次甲基花菁的酮式-烯醇式转换
的二乙基磷酰氯（神经毒剂低毒模拟物）分子探针。由于二乙基磷酰氯的磷酰化
反应特性，使得上述花菁的两种互变异构可以通过二乙基磷酰氯进行调控，从而
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达到检测二乙基磷酰氯的目的。探针分子的羰基与二乙基磷酰氯发生磷酰化反应
形成磷酸酯后，使得最大吸收波长红移至近红外区，实现比色传感。 
 
第四章，设计合成以氨基花菁为母体，末端氨基为作用位点的光气分子探针。
本章利用三光气的双重酰胺化反应特性，通过形成脲基，形成花菁二聚体，从而
使得吸收光谱发生蓝移，实现对三光气的传感。三光气的加入使得体系的颜色由
蓝色变成红色，表明该传感体系可用于三光气的裸眼检测。该探针反应速度快、
检测灵敏度高、选择性好。 
 
关键词： 光学分子探针；花菁；巯基氨基酸；二乙基磷酰氯；光气 
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Abstract 
The cyanine dyes have the advantages of high molar absorption coefficient, high 
fluorescence quantum yield, low background interference, and can be used for 
red-near infrared zone detection, so that it has a high selectivity and sensitivity in the 
assay. As the superior performance of cyanine dyes, a series of derivatives which were 
widely used in molecular biology and chemical analysis etc, and the research and 
application of molecular probes based on cyanine dyes have also become one of the 
hotspots. This paper was based on the previous research work, with the cyanine dyes 
as matrix, successful designed and synthesised of three molecular probes and applied 
to the detection of mercapto amino acids and neurotoxic analysis, phosgene. And this 
paper consists of four chapters. 
 
In chapter 1, introduction. Firstly, the basic concepts and design principles of 
optical molecular sensors were briefly introduced; Secondly, the structural 
characteristics, performance characteristics and application of cyanine dyes were 
summarized; And then, the research status and development prospect of mercapto 
amino acid, diethylphosphoryl chloride and phosgene molecular probes were mainly 
introduced; Finally, summarized these related research and combined the existing 
conditions and working basis of our laboratory, put forward the research of this paper. 
 
In chapter 2, based on the mechanism of nucleophilic substitution of mercapto 
amino acid, we successfully designed and synthesized and studied on the spectral 
characteristics of the heptamethyl cyanine probe containing the resorufin substituents 
as the optical molecular sensor of the mercapto amino acid. First, the resorufin group 
in the probe molecule is substituted with a mercapto group in the mercaptoamino acid 
(GSH, Cys, Hcy) to produce thiocyanine and release the fluoro-fluorophore. Then, for 
cysteine / homocysteine (Cys / Hcy), the resulting thiocyanine undergoes 
intramolecular rearrangement to form amino cyanine. And finally leaded to the probe 
厦
门
大
学
博
硕
士
论
文
摘
要
库
 Abstract 
IV 
 
molecules show different spectral characteristics and thus could be selectively 
identified GSH and Cys / Hcy these two kinds of mercapto-containing amino acids. 
This probe had a high sensitivity and could be used for naked eye detection, and 
because of its detection wavelength located in the near infrared region, would greatly 
reduce the interference of other biomolecules or matrix background. 
 
In chapter 3, designed and synthesised of ketone cyanine as the probe matrix, 
based on seven methyl cyanine ketone-enol conversion of diethyl phosphoryl chloride 
(neurotoxic low toxicity mimetic) molecular probe. Due to the characteristics of 
phosphorylation reaction of diethylphosphoryl chloride, the two tautomers of the 
above-mentioned cyanine could be controlled by diethylphosphoryl chloride to 
achieve the purpose of detecting diethylphosphoryl chloride. The carbonyl group of 
the probe molecule undergoes phosphorylation with diethylphosphoryl chloride to 
form the phosphate ester, the maximum absorption wavelength was red-shifted to the 
near infrared region and achieved colorimetric sensing. 
 
In chapter 4, a phosgene probe was designed and synthesized with amino 
cyanine as the probe matrix and terminal amino group as the site of action. In this 
chapter, we used of phosgene dual amidation reaction characteristics, through the 
formation of ureido, and the formation of new dimer, which the blue shift of 
absorption spectra, realized the sensing probe molecules on phosgene. The addition of 
phosgene maked the color of the system change from blue to red, indicating that the 
sensing system can be used for naked eye detection of phosgene. The probe reaction 
speed, detection sensitivity, and had a good selectivity. 
 
Key Words: optical molecular probes; cyanine; mercapto amino acid; 
diethylphosphoryl chloride; phosgene 
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